Microbial Evolution Laboratory), Pennsylvania State University (2 strains; Escherichia coli 112
Reference Center), and ATCC (4 strains). In each mPCR run, pooled culture of the seven 113 strains listed above was used as a positive control. 114 115
Fecal samples spiked with STEC strains 116
Freshly defecated feedlot or dairy cattle fecal samples were inoculated with different 117 concentrations of pooled cultures of seven STEC strains to determine the applicability of the 118 mPCR for detecting the seven serogroups in feces, and the minimal concentration of cells 119 needed in the feces for detection. The STEC strains were streaked on blood agar plates and 120 incubated overnight at 37°C. A single colony was inoculated into 10 mL of Luria-Bertani (LB; 121
Becton Dickinson Co., Sparks, MD) broth and incubated at 37°C overnight, then 100 µl was 122 transferred into 10 ml of LB broth and incubated at 37°C to an absorbance of 0.6 (~5 h) at 600 123 nm. One milliliter of each strain was then pooled and subjected to serial 10-fold dilutions. 124
Cell concentrations of the pooled cultures were determined by spread-plate count on 125
MacConkey agar. One milliliter of each dilution (10 -1 to 10 -6 ) was thoroughly mixed with 10 g 126 fecal sample with sterile wooden sticks, and 0.2 g of each spiked fecal sample was placed in 2-127 ml microcentrifuge tubes for DNA extraction with a QIAamp DNA Stool Mini Kit (Qiagen 128 Inc., Valencia, CA). One gram of fecal sample spiked with different concentrations of pooled 129 STEC was enriched in different enrichment broths (described in the next section). Then 1 ml 130 of each spiked fecal sample was boiled for 10 min and centrifuged (9,390 x g for 5 min), then 131 the supernatant was subjected to either QIAquick PCR Purification Kit (Qiagen Inc.) 
or 132
GeneClean Turbo (MP Biomedicals, Irvine, CA). This sensitivity experiment was repeated 133 three times, each with a different fecal sample from dairy or feedlot cattle. 134 (Possé et 142 al., 2008b; Vimont et al., 2007b) . All enrichment procedures utilized 9 mL of the broth with 1 143 g of feces spiked with different concentrations (10 6 to 10 0 CFU/ml). One milliliter of each 144 enriched fecal sample was boiled for 10 min and centrifuged, and then the supernatant was 145 subjected to either QIAquick PCR Purification Kit (Qiagen In.) or GeneClean Turbo Kit (MP 146 Biochemicals). The lowest concentration of the enriched sample in which all seven 147 serogroup's amplicons were visualized on agarose gel was considered the detection limit of the 148 procedure. 149 150
Evaluation of mPCR with fecal samples 151
Cattle fecal samples (n=216; 108 samples from feedlot cattle and 108 from dairy cows) 152 were collected from pen floors using plastic spoons with care taken to avoid ground 153 contamination. The spoons with feces were placed in Whirl-pack bags (Nasco, Ft. Atkinson, 154 WI), and transported in a cooler with ice packs to the Pre-harvest Food Safety Laboratory for 155 processing. Samples were kneaded for 30 sec and approximately 1 g of feces was placed in 156 tubes containing 9 ml EC broth and incubated for 6 h at 40°C, which was determined to be the 157 optimal enrichment procedure during the sensitivity experiment. All enriched samples were 158 subjected to mPCR for the seven STEC and cultured to detect O157. Initially, a subset of 24 159 samples (12 from feedlot and 12 from dairy cattle) were subjected to mPCR before and after 160 enrichment and only enriched samples were cultured to detect the six serogroups in order to 161 compare results of mPCR with that of culture-based methods. One milliliter of the fecal 162 suspension before or after sample was boiled and DNA was extracted. In addition, 163 immunomagnetic bead separations (except O45 and O121) of enriched samples were 164 performed, followed by plating onto MacConkey agar (MAC) for non-O157 and sorbitol 165
MacConkey agar (SMAC) with cefixime (0.5 mg/L) and potassium tellurite (2.5 mg/L; CT-166 SMAC) for O157 isolations and detections. Plates were incubated overnight at 37°C, and 167 sorbitol negative colonies on CT-SMAC or random lactose positive colonies on MAC (at least 168 6 and up to 15 colonies) were streaked on to blood agar plates for identification of E. coli 169 serogroup. Isolated colonies from blood agar were placed in microcentrifuge tubes with 1 mL 170 of ddH 2 O, boiled for 10 min, and centrifuged at 9,390 x g for 5 min. One microliter of the 171 resulting DNA was then subjected to the mPCR. Additionally, the serogroup positive isolates 172 were tested by mPCR to identify the major virulence genes, eae (intimin), stx1 (Shiga toxin 1), 173 stx2 (Shiga toxin 2), and hlyA (hemolysin), and genes that code for O157 serogroup (rfbE) and 174 H7 flagellar antigen (fliC) (Bai et al., 2010) . 175 176
Results 177

Validation with pure cultures 178
The designed primers and optimized mPCR reaction conditions resulted in amplicons of 179 241, 296, 371, 451, 587, 716 , and 890 bps for serogroups O26, O157, O145, O111, O121, was serially diluted (ten-fold dilutions) and subjected to mPCR amplification, the lowest 187 concentration at which all seven bands were detectable was 10 4 CFU/ml or 10 CFU per PCR 188 reaction ( Fig. 2) . 189 190
Fecal sample spiked with STEC strains 191
The lowest concentration of the pooled STEC culture in a spiked sample that yielded 192 distinct bands was 4.1 x 10 5 (± 1.8 x 10 5 ) CFU/g (Fig. 3 ). The two DNA purification kits, 193
Qiagen and GeneClean Turbo, exhibited no difference in detection sensitivity (data not 194 shown). 195 196
Evaluation of enrichment procedures of spiked fecal samples 197
The EC broth incubated at 40°C for 6 h showed a 1 to 2 log greater sensitivity than EC 198 incubated at 40°C, and TSB BRV or TSB BRVN incubated at 42°C for 24 h (Table 2) . 199
Subsequently, all fecal samples in this study were enriched by EC broth at 40°C for 6 h at 200 which the lowest concentration of pooled culture that yielded distinct bands of all seven STEC 201 was 2.3 x 10 2 (± 2.1 x 10 2 ) CFU/g of fecal sample (Table 2 serogroup. Of the initial subset of samples (n=24) that were cultured for non-O157 215 serogroups, only O26 (5/24), O103 (4/24) and O121 (2/24) were isolated and 9 out of 24 were 216 culture positive for at least one non-O157 serogroup. All samples that were culture-positive 217 for the seven serogroup were also positive by mPCR; however, the mPCR identified many 218 more positive samples. Majority of O157 isolates was positive for stx2, eae, fliC, and hlyA 219 genes. One isolate was positive for stx1 and two isolates were positive for rfbE and negative 220 for the major virulence genes (Table 4) . Of the 11 non-O157 serogroup isolates, one O26 221 strain was positive for stx1, one O103 was positive for hlyA, one O121 was positive for fliC 222 and none was positive for stx2 gene (Table 4) . 223 224
Discussion
At least 100 serotypes of STEC are associated with human infections and cause illnesses 226 that range from mild to severe diarrhea, with or without blood, to hemolytic uremic syndrome 227 (Johnson et al., 2006) . Although E. coli O157:H7 is the primary STEC serotype associated 228 with human infections in the US, non-O157 STEC also have been recognized as major food 229 borne pathogens (Scallan et al., 2011) , 2007, Bosilevac and Koohmaraie, 2011; Valadez et al., 2011) . In a 238 recent study (Bosilevac and Koohmaraie, 2011) , the most prevalent non-O157 serogroups in 239 commercial ground beef were O8, O20, O22, O113, O116, O117, O163, O171, and O174 and 240 only a small number of the isolates (10 of 338 isolates) carried the major virulence genes. 241
These O-groups are not often implicated in foodborne illnesses in the US, but a serotype of 242 O113 with H21 was frequently associated with severe STEC infections, including hemolytic 243 uremic syndrome in Australia (Paton and Paton, 1998) . Only a limited number of studies have 244 determined prevalence of one or more non-O157 serogroups in cattle feces in North America 245 (Cobbold et al., 2004; Renter et al., 2005 Renter et al., , 2007 and in other countries (Barlow and Mellor, 246 2010; Pradel et al., 2000; Oporto et al., 2008; Jenkins et al., 2003; Pearce et al., 2004) , 2005) . In this study, we targeted wzx for serogroups O26, 268 O45, O103, O111, and O145, and wbqE (putative glycosyl transferase) and wbqF (putative 269 acetyl transferase) for O121. 270
Our mPCR targets a specific region of the genetic loci encoding biosynthesis of the O 271 antigen and the assay is unique because it is designed to detect the top seven serogroups 272 (O157, O26, O111, O103, O121, O45, and O145) of E. coli in the US. However, identification 273 of the O-group does not necessarily mean it carries the Shiga toxin genes. We validated the 274 assay with 138 strains of STEC with 100% agreement and no cross amplification. The method 275 will be useful in identifying or confirming the presumptive isolates of E. coli from any sample. 276
We also evaluated the applicability of the method for detecting the seven serogroups in feces. 277
In feces spiked with pooled cultures of seven STEC, a concentration of 10 4 CFU/g or 10 278
CFU/µl (sample volume) was needed, which is in agreement with the sensitivity reported by 279 DebRoy et al. (2011) for the mPCR of 8 STEC. We improved the sensitivity to 10 1 to 10 2 280 CFU/g by subjecting the fecal sample to enrichment in EC broth for 6 h. A wide variety of 281 enrichment media (brain heart infusion, buffered peptone water, EC, enterohemorrhagic EC, 282
MacConkey, and tryptic soy broths), modifications (bile salts, tellurite, cefixime, novobiocin, 283 rifampicin, vancomycin, cefsulodin, and acriflavin), incubation temperatures (35 to 42°C) and 284 periods (6 to 24 h) have been compared (Hussein and Bollinger, 2008) . Inclusion of antibiotics 285 in media has been shown to inhibit certain serotypes (Uemura et al., 2003; Vimont et al., 286 2007a) , and strains within serotype. Based on the minimum concentration needed to detect all 287 seven serogroup in spiked feces, EC broth was considered to be the best, which agrees with the 288 results of Vimont et al. (2007b) . The improved sensitivity is because of the increased copy 289 number of the target sequence and dilution of inhibitors present in a complex matrix like feces. 290
The requirement for an enrichment step is not surprising because it is a necessary step in 291 detecting O157 in feces by either a culture-based or molecular technique. The concentration of 292 non-O157 serogroups of E. coli in feces of naturally-shedding cattle has not been determined.
Based on O157 data, a majority of cattle shed O157 at concentrations below the detection limit 294 by direct culture or PCR-based method (Jacob et al., 2010) . 295
Many of the fecal prevalence studies (Barlow and Mellor, 2010; Cobbold et al., 2004; Fach 296 et al., 2001; Pradel et al., 2000; Renter et al., 2005) have utilized a PCR assay, generally 297 targeting the stx genes, to prescreen samples before subjecting the positive samples to cultural 298
procedures. In one such study (Pradel et al., 2000) , 70% of fecal samples were positive for stx 299 gene and only 36% of the positive samples were culture-positive for STEC. To assess the 300 applicability of mPCR as a screening method, we tested 216 fecal samples for the prevalence 301 of the seven serogroups by mPCR and culture method. A large proportion of the fecal samples 302 (47 to 82%) were positive for five (O26, O45, O103, O121, and O157) of the seven 303 serogroups. Only 2.3% and 13.4% of the fecal samples were positive for O111 and O145 by 304 mPCR, respectively. In the case of O157 serogroup, 74% (160/216) of the fecal samples were 305 positive by mPCR (for rfbE) and only 29.2% (63/216) were positive by the culture method, 306 which means that we were able to isolate E. coli O157 from 39.4% (63/160) of the PCR-307
positive samples. We only tested sorbitol-negative colonies from the CT-SMAC to detect 308 O157 serogroup in the samples. Cattle can also be a reservoir of sorbitol-fermenting E. coli 309 O157 (Bielaszewska et al. 2000) , therefore, samples positive by mPCR would include both 310 sorbitol-negative and-positive O157. All isolates of E. coli O157 were positive for the major 311 virulence genes (rfbE, stx2, eae, and fliC). We tested only a limited number of samples (n=24) 312 by culture method to relate the prevalence of non-O157 to mPCR assay. We were able to 313 isolate 5 of 14 for O26, 0 of 2 for O45, 4 of 10 for O103, and 2 of 5 for O121, which means 314 that we were able to isolate non-O157 from 35.5% (11 of 31) of the samples positive by 315 mPCR. The proportions of the culture-positive samples were similar between O157 and non-316 O157 although isolation methods for non-O157 serogroups did not have a selective medium 317 with a phenotypic marker and only 4 of 6 non-O157 serogroups involved the IMS step. 318
Interestingly, none of the non-O157 was positive for the major virulence genes (stx1, stx2, eae, 319 and hlyA), except one isolate of O26 positive for stx1 and a strain of O103 positive for hlyA. 320
We have shown that the same primer pairs used in the study were able to amplify the stx1 and 321 stx2 of pure cultures non-O157 serogroup (Bai et al., 2010) . Generally, PCR methods reveal a 322 large number of positive samples, but only a portion of those samples yield cultures. It is 323 interesting that none of the samples negative for mPCR was positive by culture-based method. 324
In conclusion, our mPCR that distinguishes the 'top seven' serogroups of E. coli will be a 325 useful method to confirm putative isolates from any source. Data generated from a limited 326 number of fecal samples suggest that approximately two-thirds of PCR-positive samples were 327 negative by culture-based method for the seven serogroups. This suggests that either 328 nonspecific amplifications or culture-based method is not sensitive enough to identify all the 329 positive samples. Therefore applicability of multiplex PCR as a prescreening method before 330 subjecting fecal samples positive for serogroups of E. coli to labor intensive culture-based 331 methods requires further assessment. 332 333 
